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442 ABSTRACTS / Developmental Biology 306 (2007) 436–449forming primitive streak, notably FGF8. Inhibition of FGF
signalling, through depletion of FGFs or inhibition of FGF8
expression results in a failure of mesoderm differentiation and
streak formation, while increased FGF signalling stimulates
axial mesoderm formation, but inhibits streak formation. In
order to dissect the signalling pathways to mesoderm
differentiation and movement we have inhibited several
downstream signalling pathways. We show that FGF-mediated
mesoderm induction is dependent on signalling through both
the ERK/MAP kinase and the PI3 kinase pathway. Inhibition
of either of these pathways results in inhibition of mesoderm
formation as well as streak formation. However, overexpres-
sion of Sprouty2, a negative regulator of FGF receptor
signalling, does not inhibit mesoderm formation, but does
effectively inhibit the cell movements associated with streak
formation. The underlying mechanisms are now under further
investigation.
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Visualization of the epithelial-to-mesenchymal transition of
individual trunk neural crest cells
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During avian neural morphogenesis at in the trunk at E2,
neural crest cells undergo an epithelial-to-mesenchymal
transition (EMT) in order to leave the dorsal region of the
neural tube. To accomplish this EMT, neural crest cells must
lose adhesion to the apical lumen of the neural tube and leave
the neural tube at its basal surface. This developmental event
has long fascinated biologists, yet it has not been observed
directly. This leaves certain questions about the avian trunk
EMT unanswered. Are neural crest cells required to lose apical
attachments before they leave the neural tube? Is an
asymmetric mitosis responsible for the EMT of trunk neural
crest cells? We have imaged individual dorsal neural tube cells
labeled with membrane-localized EGFP using time-lapse,
laser-scanning confocal microscopy. No instances of asym-
metric mitosis among neural tube cells have been observed. In
some cases, neural crest cells leave behind small pieces of
themselves as their trailing process breaks away from the
apical surface. Some neural crest cells exit the neural tube at
the position of their basal process. However, other neural crest
cells form a new process and leave the neural tube at an
entirely different location. While we verify that neural crest
cells do eventually lose contact with the apical lumen of the
neural tube, our observations suggest that the activation of cellmotility may be more important in the EMT of trunk neural
crest cells than the loss of cell–cell adhesion.
doi:10.1016/j.ydbio.2007.03.496
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Molecular and cellular mechanisms of cranial skeleton
development
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While the mechanisms of skeletal development in the trunk
of an embryo are well understood, the molecular program that
directs analogous process in the head remains largely
uncharacterized. In the axial skeleton of the trunk, cartilagi-
nous elements originate from the sclerotome. The situation in
the head is more complex as the cranial skeleton receives
contributions from cephalic paraxial mesoderm, neural crest
and occipital somites. The aim of this investigation is to
elucidate the molecular and cellular interactions that result in
the induction of the cranial base using the developing chick
embryo as an experimental system. Our results show that, like
craniofacial myogenesis, development of the cranial base is
delayed relative to the trunk. Yet, whilst Shh, the principal
inducer of cartilage differentiation in the trunk, is expressed
along the entire rostro-caudal axis in the notochord and in the
neural tube, analysis of the expression of the Shh transcrip-
tional targets, Ptc1 and -2, indicates that Shh signalling is not
active in the early cranial mesenchyme. This suggests that Shh
activity is antagonised by, as yet, unidentified signals. In the
chick embryo, the chondrocranium starts to differentiate at
stage 25. Recent data in zebrafish has indicated a role for Shh
in the development of the chondrocranium. This suggests that
although Shh signalling is initially blocked it may be later
required for development of the cranial base. Analysis of Ptc1
and -2 expression indicates that this is very likely. Functional
studies are in progress to analyse the role of Shh and to
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Tenascins are a family of large glycoproteins found in the
extracellular matrix (ECM). We are characterizing the final
443ABSTRACTS / Developmental Biology 306 (2007) 436–449member of the family: tenascin-W. Our earlier studies demon-
strated that tenascin-W is strongly expressed in developing bone,
where it is sometimes, but not always, found in the same fibril
system as tenascin-C. Primary avian calvarial osteoblasts were
cultured in the presence of recombinant avian tenascin-W to
determine the possible roles of tenascin-W in bone formation.
Osteoblasts cultured on substrata coated with tenascin-W remain
rounded. To determine if recombinant tenascin-W influences
proliferation, osteoblasts were cultured in the presence or
absence of different concentrations of recombinant tenascin-W,
and dividing cells were identified with anti-Ph3. We observed a
significant increase in proliferation in osteoblasts cultured on 10
and 20 μg/ml of tenascin-W compared with controls. We also
examined alkaline phosphatase activity, a marker of osteogen-
esis, in osteoblasts cultured in the presence and absence of
exogenous tenascin-W. As little as 1 μg/ml of tenascin-W-coated
substrata led to a significant increase in alkaline phosphatase
synthesis when compared to controls. To determine if recombi-
nant tenascin-W positively influences osteoblast migration,
osteoblasts were cultured on filters coated with tenascin-W.
Coating the filter with tenascin-W led to a significant increase in
the number of cells crossing the filter. These experiments
demonstrate that tenascin-W can stimulate embryonic chicken
osteoblasts shape, proliferation, migration and differentiation.
doi:10.1016/j.ydbio.2007.03.498
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TGFβ acts as an anti-apoptotic factor while RA act as
anti-chondrogenic factor during digit formation
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At last stages of embryonic limb development, the
undifferentiated mesodermal cells become into cartilage
forming the digits rays or remain as undifferentiated cells to
give rise to an interdigital web. The first sign of cell
differentiation to cartilage is the expression of Sox9. It is
known that TGFβ acts as chondrogenic signal that is able to
induce chondrocyte differentiation in the interdigit of chick
embryos, but it is unknown whether TGFβ functions as anti-
apoptotic factor. In contrast, Retinoic acid (RA) acts as an
apoptotic factor through Bmp7 expression. Blocking RA
function in the interdigital tissue leads to inhibition of cell
death and formation of extra digits, suggesting a role for RA
as anti-chondrogenic factor. Furthermore, RA inhibits carti-
lage differentiation in the tip of digits although it is unknown
whether it inhibits Sox9 expression. In this study we wanted
to determine whether TGFβ could act as anti-apoptotic factor
by inhibiting BMP7 expression. In a same way we wanted to
determine whether RA acts as anti-chondrogenic factor by
inhibiting Sox9 expression. We found that induction of
extradigits with TGFβ in the interdigital tissue lead to inhibitthe BMP7 expression 1 h after its application, while Sox9
expression occurs at 30 min. In contrast, RA at the tip of
digits inhibits chondrogenesis by inhibiting the Sox9 expres-
sion and promoting the Bmp7 expression 1 h after its
application. So, in conclusion, TGFβ acts as an anti-apoptotic
factor while RA act as anti-chondrogenic factor during digit
formation.
doi:10.1016/j.ydbio.2007.03.499Program/Abstract # 428
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Somitogenesis is the morphological hallmark of vertebrate
segmentation. The Notch signaling pathway plays multiple
roles during somitogenesis; linked to the segmentation clock
that regulates somitogenesis and playing roles during rostro-
caudal (R/C) patterning of the somites. Lunatic fringe (Lfng)
encodes a glycosyltransferase that modifies Notch, and appears
to play roles in both clock function and R/C patterning of
somites. To assess the role of cyclic Lfng expression in the
clock and in somitogenesis, an allele was established that lacks
cyclic Lfng expression within the segmentation clock, but that
still expresses Lfng during R/C patterning of the somites
(LfngΔFCE1). Homozygous LfngΔFCE1 mice exhibit less severe
segmentation phenotypes than those of Lfng null animals,
especially in the caudal regions of the skeleton, and
demonstrate relatively normal R/C somite patterning. In the
absence of oscillatory Lfng expression in the caudal PSM,
Notch activation is found to be ubiquitous in the PSM of
LfngΔFCE1 embryos. Despite the loss of oscillatory Notch
activation in these embryos, the process of somitogenesis
appears relatively normal after 10.0 days of development. This
suggests that oscillatory Lfng expression and Notch activation
play important roles in the segmentation of the anterior axial
skeleton, but are less important in the development of more
caudal structures. This may suggest that the genetic pathways
that time somitogenesis are differentially regulated at different
levels of the A/P axis.
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